OBJECTIVE: To estimate the change in GH excretion in urine (GH-U) during a slimming course, and if increased, to assess the components of the course related to the increase in obese children. DESIGN: Observational follow-up study of patients admitted for primary obesity to an in-patient slimming course lasting at least 10 weeks. SUBJECTS: 48 complete observations out of 54 consecutive pre-pubertal patients admitted to a paediatric centre for treatment of primary obesity (BMI greater than the 90th percentile of the national reference curves). MEASUREMENTS: GH excretion in urine by immunoradiometric assay, at entry and after 10 weeks, various anthropometric measurements, nutritional intake and departure from the prescribed diet, time spent in physical activity, sleep duration. RESULTS: A mean decrease of 0.90 standard deviations for BMI was accompanied by a 34% increase of GH-U. Time spent in physical activity was the only component of the course found to be related to the magnitude of GH-U increase. CONCLUSION: The results of this observational study con®rm that GH-U is increased after a slimming course in children, and suggest that physical activity is a major contributor to the restoration of normal GH-U levels.
Introduction
Various abnormalities of the GH ± IGF axis have been found in obese children. 1, 2 In particular circulating GH is low, contrasting with normal or elevated growth velocity. The mechanisms involved are not fully understood, but include both decreased secretion and increased clearance of GH. It has been shown in these children that a slimming course is associated with an increase of circulating GH accompanies by a normalization of other (but not all) abnormalities of the axis. 2 Urine GH excretion measurement (GH-U), which has recently become available, is considered to re¯ect GH secretion 3 and it has been proposed as a noninvasive means of exploring such secretion. However the evolution of GH-U during a slimming course in obese children has not yet been described.
In France it is common practice to admit very obese children as long-stay inpatients to specialized paediatric centres. This provides good conditions for observation, of which we took advantage for the present study.
The aims of the study were to estimate the change in GH-U during a slimming course, and if the level increased, to assess the components of the course related to the increase in obese children.
Population and method

Inclusion
All children admitted in the Chanay centre for children (France) with primary obesity (de®ned as a body mass index (BMI) higher than the 90th percentile of the national reference curves by age and gender 4 , and below the Tanner's stage 2 of puberty were eligible. The number needed in order to detect a 15% increase of GH-U during the course was calculated to be 46 individuals. Out of 54 children admitted between 1 January 1995 and 31 January 1997, four dropped out before the end of the slimming course. For one child, no urine sample was collected at inclusion by mistake, and one child had unreliable anthropometric measurements at inclusion. The remaining 48 children were included in the analysis.
Content of the slimming course
The children were admitted for at least 11 weeks. After one week for adaptation and baseline GH-U measurements, with uncontrolled diet and physical activity, the children were prescribed a moderately energy restricted diet (1700 ± 2200 kcal depending on age), associated with a physical activity programme including mandatory physiotherapy sessions. The time spent in free physical activity, including leisure and sports, depended largely on the child's inclination, although access to many such activities was provided.
GH-U measurement
Two groups of measurement were performed with consent of the parents. The ®rst one was started 4 days after admission, the second one 10 weeks later. Total night urine was collected with bovine serum albumin over three consecutive nights. For each night the volume was registered and a sample was kept in the centre at 4 C and sent to the laboratory, where they were divided into aliquots and frozen at 7 80 C. Each test was performed on a freshly thawed aliquot. The Coatria kit (bio-Me Ârieux, Marcy-l'Etoile, France) was used 3 to evaluate GH-U levels. It is a direct twostep immunoradiometric assay with signal enhancement. The results were expressed in pmol GH-Ua mmol creatinine. All the tests were performed by the same laboratory (Pr Porquet, Ho Ãpital Robert Debre Â, Paris, France).
Other measurements
Anthropometric measurements followed WHO recommendations.
5 Skinfolds (using a John Bull calliper) and circumferences were measured at each examination by two observers and the results were averaged. The BMI was normalized relative to age by transforming it into a Z-score using the LMS method 6 with French reference data. 4 Nutritional intake was estimated daily by one dietician who measured the quantity of food really consumed. The nutrient conversions were done using the software GENI, 7 which mainly uses the Southgate conversion table.
In order to assess physical activity, the following criteria were observed. The time in hours spent in physical activity was registered daily. A subjective quotation of the participation intensity (low, moderate, high, intensive) was attempted, but the weighted measurement obtained with this score correlated highly (0.99) with the previous measurement and was dismissed for this reason. In order to evaluate spontaneous physical activity, the children were attributed pedometers (Digisport Ever-Trust 2800) on two randomly selected days for each week of the course.
Sleep duration was measured daily in the following manner: in the evening the night staff checked clinically every 15 min whether the child was asleep. The time the child fell asleep was recorded as the time of the ®rst observation of sleep. Children were requested to indicate when they woke up during the night or early morning, in which case surveillance was reinitiated. Otherwise the time of waking up in the morning was assumed to correspond to the ringing of the wakeup bell.
Statistical analysis
Evolution of the GH-U level between entrance and discharge. A paired Student's t-test was performed on the two mean values of the three consecutive measurements taken at inclusion and discharge.
Assessment of the components of the course related to the restoration of GH-U levels. The model used for this purpose was a linear two-level (measurement and child) hierarchical model. 8 In our study, the measurement taking place at the beginning or the end of the course was represented as a dummy variable (1 if at the end, 0 otherwise). This variable represents thè effect' of the course. The components of the course (physical activity, diet characteristics, sleep duration) were entered as multiplicative interaction terms with that dummy variable. The parameter attached to that latter variable can be interpreted as the effect of the course not accounted for by the observed course components. All explanatory variables were considered to have potentially a ®xed effect. In addition a level 2 (child's level) random effect was considered for the effect of the course. The level 1 random effect was assumed constant.
The model can therefore be written (taking as an example only one component of the course, denoted PA for a physical activity indicator) as:
where Y ij is the value of the ith measurement of GH-U for the jth child; g 00 , g 11 and g 12 are ®xed effects; u 0j , u 1j are speci®c random effects of the jth child; and e ij a residual random term, with var (u 0j ) s This model was chosen in this context because it allows intra-and inter-individual variability to be modeled. This modelization accounts for the correlation of data from the same individual, and thus leads to correct inferences regarding the parameters. Coef®-cients were estimated by the restricted iterative generalized least squares method. Included variables were chosen as follows. Age at admission, gender and BMI at admission were entered systematically. The other variables taken into considerations were chosen in order to describe the components of the course. Daily time of participation in physical activity, of sleep Urine GH and slimming course in obese children Y Lehingue et al duration, daily pedometer counts, daily consumption of calories, lipids, proteins and carbohydrates, as well as the difference for these items between prescribed and actual intakes were averaged over the period between the two GH-U measurements. In order to assess a putative sleep restoration during the stay the following variables were created: (i) difference between the mean sleep duration during the second and the 10th week of stay; (ii) differences between the alleged habitual sleep duration at home and the mean sleep duration during the second and the 10th week. The evolution of anthropometric measurements was not considered simultaneously in the same model, since they were likely to be on the causal pathway between the course components and the GH-U level. Amomg the variables representing the components of the course, the correlation with the GH-U variation (difference between the two values of the 3 consecutive measurements taken at the entrance and at the discharge) were examined. The variables with a correlation coef®cient corresponding to a P value less than 0.20 were considered for inclusion in the model. All the variables retained on that criterion were included at ®rst, then a descending procedure was applied until all the variables of that group left in the model were signi®cant (P-value 0.05). First and second level residuals were examined for normality both graphically (plot of residuals against their equivalent normal score) and formally (SharpiroWilks test) on the ®nal model. A better conformity to the assumptions of normality was found after a square root transformation was applied to the dependant variable than with the raw variable. Therefore this transformation was ®nally applied.
Results
Description of the sample and evolution during the course
The main characteristics of the children (19 boys and 29 girls) on admission are reported in Table 1 . Age ranged from 7 to 12 completed years, with BMI from 23.4 to 36.2 (corresponding to Z-scores of 2.6 to 7.4). The mean sleep duration during the second week of admission was 9 h 24 min in average; ranging from 8 h 42 min to 9 h 42 min. GH-U measured one week after admission ranged from 0.0073 to 0.065 pmolammol creatinine with a distribution skewed to the right (see Figure 1) .
The main modi®cations during the course are summarised in Table 2 . During the course the BMI Z-score decrease was constant and ranged from 7 0.3 to 7 1.9. The mean daily time spent in physical activity over the whole course was 55 min in average, including physiotherapy, with extreme values of 26 min to 1 h 53 min. The sleep duration was shorter on admission (second week) to that alleged at home, by 41 min on average. The sleep duration increased slightly but signi®cantly during the course, with an average difference of 5 min between the means of second and 10th week of stay. As shown in Table 2 , departure from the prescribed diet was nearly nil. Between the second and the 10th week GH-U modi®cations (average of three successive tests) ranged from a decrease of 0.026 to an increase of 0.038 pmolammol creatinine. Over the whole population there was a signi®cant mean increase of 0.0085 pmolammol creatinine.
Analysis of the course components Table 3 shows the correlation of various anthropometric data at admission and their evolution during the course with GH-U variations (difference between the means of the three tests of the second and 10th week of stay). No signi®cant correlation was found between values on admission of BMI, waist, hip circumferences or their ratio, and triceps skin fold on one side, and the increase of GH in urine. There was no signi®cant relationship between BMI, waist ± hip ratio variation or triceps skin fold variation during the course and the restoration of GH in urine. There was a negative correlation between the variation of both waist and hip circumference, and the variation of GH in urine. The more the ®rst decrease, the more the last increase. Figure 1 GH-U before and after the slimming course.
Urine GH and slimming course in obese children Y Lehingue et al Table 4 shows the correlation of various characteristics of the course with GH-U variations (difference between the means of the three tests of the second and 10th week of stay). There was a positive correlation with the mean daily time spent in physical activity and with the mean daily number of pedometer impulses and a negative correlation with the sleep duration variation between second and 10th week, but no relationship with any of the nutritional features was observed. In addition there was no relationship with the sleep duration between that alleged at home and the mean of either the second (r 0.18, P 0.24) or the 10th week (r 0.04, P 0.80). Table 5 shows the correlation among the three variables found in relation with GH-U variation.
There was a positive correlation between the mean daily numbers of pedometer impulses and the mean daily time spent in physical activity, and a negative one between the latter and the sleep duration variation: those children who spent the more time in physical activity on average were those whose sleep duration increased the least during the course.
When entered simultaneously in a hierarchical model, together with age, gender and BMI on admission, and then simpli®ed using a descending procedure, with these three variables, the time spent in physical activity was the only one found independently related to the increase of GH-U. Gender, age and initial BMI were included systematically into the model but their effect did not reach signi®cance (Table 6 ).
In consequence, according to the model, on average, a girl aged 10.3 y with a BMI Z-score of 4.7 at admission (mean values for this population) would have a GH-U of 0.1526 2 0.0233 ngamg creatinine on admission, 38% on discharge, with an average daily time spent in physical activity, ((0.1526 0.0269) 2 0.0322 ngamg creatinine), 110% on discharge with a daily time spent in physical activity on 1 h more than the average ((0.1526 0.0269 0.0420) 2 0.04900 ngamg creatinine). Table 5 Components of the course correlated with GH-U: correlations with each other In addition there appeared to be a signi®cant negative covariance term between the intercept and the dummy variable representing the course (Table 7) , which means that, for a given value of the variables included, individuals with the lowest initial GH-U tended to have the highest increase during the course.
Discussion
Low plasma growth hormone concentrations in obese children is a well-known phenomenon. The abnormality is considered to re¯ect both a decreased secretion and an increased metabolic clearance. 9 It has already been shown that after a slimming course in obese children, the GH secretion is increased, 102 partly depending on a restoration of GHRH. 11 Since urine excretion is considered to re¯ect the GH production, 12 the increase observed corresponds to our expectations. The results being expressed as a ratio of creatinine excretion, and since slimming and physical activity can result in high levels of creatinine excretion, we checked that the creatinine concentration was not modi®ed between the beginning and the end of the stay (results not shown).
The BMI variation during the course was not found to be signi®cantly related to the increase of GH-U in view of our data. Since the literature shows that the GH-U level does depend on BMI, we would have expected a negative correlation. Moreover such a correlation was found with waist and hip circumference. In addition to the fact that our study design was not built for this purpose and may have lacked power to show the relation, two phenomena can be advocated: (i) height is dif®cult to measure with precision in very obese people. This could have weakened the relationship. (ii) The children were submitted to a physical activity programme. An increase of lean mass can have resulted, and offset the loss of fat mass. The absence of relationship between triceps skin fold variation and the evolution of GH-U can also be related to the well-known practical dif®culties of such measurements in very obese children. Finally, those results may simply re¯ect the fat that in this context of highly obese children, circumferences have more reliability to follow variations in individuals, than both weight ± height indices or skinfolds.
The whole population of children were submitted to a slimming diet, adapted to their age and initial weight, and as in-patients, they had very little opportunity to depart from their prescribed diet. This is clearly shown by the very narrow difference between actually taken and prescribed intake. For this reason it is not surprising that diet did not appear to account for the GH-U response to the slimming course. The results could be quite different on an ambulatory treatment.
The amount of time spent on physical activity appeared to have a major effect on GH-U increase, which was measured in the night urine. It is well known that physical activity induces a release of GH. 13 However this release immediately follows the physical effort. The half-life of GH is short (estimates range from 15 to 51 min 14 ) and this is consistent with the fact that physical activity has little or no in¯uence on nocturnal secretion. 13, 15 In consequence our ®nd-ings cannot be interpreted as the direct in¯uence of the physical effort of the day before the measurement. Obese children have been shown to have a shorter sleep duration than non-obese children. 16 We expected that this duration would increase during the slimming course and this was observed, although to a very minor degree. Since most of the GH is released during the night we anticipated that there would be a positive correlation between the importance of the sleep duration variation and the GH-U restoration. The correlation was inverse. This probably re¯ected the fact that there was, for an unknown reason, a negative correlation between the time spent in physical activity and the sleep duration variation. When entered together with this variable, there was no evidence of an effect of the sleep duration variation on GH-U increase.
The results of this observational study suggest that, during a slimming course, physical activity is a major contributor to restoration of GH secretion. This does not seem to result from an effect of sleep, at least in terms of sleep duration. The importance of a normal GH secretion in maintaining normal body weight composition (bone mineral mass, lean body mass and fat content) has been shown in other contexts Table 7 Effect of the components of the course on GH-U restoration: random effect estimates (®nal hierarchical model, square root transformation applied to GH-U variation)
Estimate Standard error P-value . As far as a treatment aims at restoring a biological function as close as possible to the normal, this increase of GH secretion can be regarded as bene®cial, even if the main goal of a treatment for obesity should be the fat mass reduction, not a biological criterion. Our ®nding emphasizes the importance of exercise as a major component of a slimming course in obese children.
